of Anthemis assigned to Cotinae and Anthemidinae and members of Ormenis. Chehregani and Mahanfar (2007) studied achene morphology of 11 species within Anthemis altissima L., A. coelopoda Boiss., A. tinctoria L., and A. haussnecktii Boiss. & Reuter that are attributed to five genera in Iran and reported that achene micromorphology is a significant character and could be helpful in the identification species and genera. Bhar and Mukherjee (2004) investigated achene macro-and microcharacters of 7 species, including Anthemis tinctoria, A. ruthenica M.Bieb., and A. austriaca Jacq., belonging to 5 genera of the tribe Anthemideae. They stated that exomorphic characters of achenes provide a reliable taxonomic marker in systematic study. Abid and Qaiser (2009) examined the 44 species included in the 15 genera of the tribe Anthemideae from Pakistan and Kashmir and found that micromorphological characters of achenes are significant for taxonomic delimitation for most of the taxa both at the generic and specific levels.
The slime on the achene surface has been determined in some genera, such as Filifolium (L.) Kitam. (Mouradian, 1995) , Achillea L., Anthemis, Chrysanthemum L. (Grubert, 1974) , and Artemisia L. (Boyko, 1985; Huang et al., 2000; Yakovleva et al., 2002; Kreitschitz and Vallès, 2007) within the family Asteraceae. It has been reported that slime has different functions. Slime plays an essential role in regulating germination via either stimulation or inhibition, and it helps to disperse the fruit or seed. Oberprieler (1998) stated that the important character is the shape and size of mucilage cells, which were observed in all species of Anthemis distributed in North Africa. Moreover, it provides the embryo and developing seedling with water and nutrients and defends them against pathogens (Fahn and Werker, 1972; Korobkov, 1973; Young and Evans, 1973; Garwood, 1985; Huang et al., 2000; Kreitschitz and Vallès, 2007) . Mukherjee and Nordenstam (2010) reported that the presence and shape, structure, and distribution of calcium oxalate crystals and druses are important in terms of taxonomic delimitation because they are not universally present in all parts of the plant organ, but instead they are confined to specific parts and certain plant tissues in some restricted taxa only. They studied the achene walls of 93 genera and 141 species belonging to 19 tribes of the family Compositae to evaluate the taxonomic significance of crystal structure and they found oxalate crystals in 22 genera and 27 species. The presence or absence of druses in the epidermal cells of pericarp is a useful character for delimiting the taxa of some members of the tribe Anthemideae by Källersjö (1985) . Dormer (1962) also discussed the taxonomic significance of crystal forms in 112 species of Centaurea. Reese (1989) determined the value of crystals for identification and discrimination of taxa in tribes Calenduleae and Arctotideae.
There are only a few studies on the achene structure of Cota (Bhar and Mukherjee, 2004; Chehregani and Mahanfar, 2007) . However, achene morphological study on the genus Cota has not been carried out yet in Turkey. In this research, our objective is to determine the detailed achene macro-and micromorphological characters of the genus Cota in Turkey; to assess the taxonomic significance of these features; and, based on these data, to contribute the systematic implications of taxa.
Materials and methods
Research materials were collected from different locations in Turkey at the flowering and fruiting periods. Collectors and localities are shown in Table 1 . These specimens are deposited in the Gazi University Faculty of Science Herbarium (GAZI). The order of the species was adopted from Özbek (2012) .
The achenes were first investigated using a Leica EZ4D stereoscopic microscope (Wetzlar, Germany). In order to determine their average sizes, at least 20 mature achenes were measured for each taxon. For scanning electron microscope (SEM) analyses, at least five mature achenes for each taxon were selected and mounted on stubs using double-sided adhesive tape, and were then covered with gold. They were investigated and photographed with a JEOL JSM 6060 SEM at a magnification of 27-80×, 500×, and 1000× (Tokyo, Japan). The terminology was adopted from Barthlott (1981) , Qaiser (2009), and İnceer et al. (2012) .
The statistical calculations were carried out using the Simpson and Roe graphical test (Van der Pluym and Hideux, 1977) (Figure 1 ). Achene characteristics of the taxa and coefficient of correlation were determined, and they were grouped using the clustering analyses method (unweighted pair group method using arithmetic averages, dissimilarity, standardized variable).
Six achene morphological characters were selected to distinguish the 22 taxa (OTUs) of the genus Cota (Table 2) . A primary matrix was created using 22 taxa (OTUs) and a total of six characters for the multivariate analysis. Since Gower's formula (Jabee et al., 1971) allows the inclusion of ordinal and nominal variables in the data matrix, it was used to calculate the primary mixed data for dissimilarities. The unweighted pair group method using arithmetic averages was selected because it is the most commonly used method and it has advantages over other methods in accurate reflection of the similarity matrix, as measured by the cophenetic correlation coefficient of Sokal and Rohlf (1962) , symmetrical hierarchical structure (McNeill 1979) , and congruence with classification derived by traditional methods (Ward, 1993) . All computations were made using the MVSP 3.22 software (Kovach Computing Services, Pentraeth, UK). 
Results
Achene characters were diverse in the studied taxa. The achenes are dorsoventrally flattened, obconical, obpyramidal or oblong, generally narrowed toward the base, apex truncate with 0.01-0.85 mm long and crenulate corona, lighter than achene. Achenes of taxa have 3-10 conspicuous or inconspicuous ribs on each abaxial and adaxial surface and distinct lateral ribs. Achene size ranges from 0.26 to 1.68 mm in width and 1.13-3.46 mm in length. Achene color varies highly from species to species: mostly brown or dark brown, sometimes black, grayishbrown, reddish-brown, purplish-brown or purplish. The epidermis has generally prominent boundaries with rectangular to polygonal and rarely orbicular cells and contains slime cells. Two of the taxa (C. altissima and C. palaestina) have not only slime cells, but also single and large prismatic crystals on the epicarpic cells.
The main achene morphological features of Cota taxa investigated are summarized in Tables 3 and 4 and they A dendrogram of the cluster analysis of the Turkish Cota taxa based on six achene morphological character states (color, length, width, ornamentation, shape of epidermis cell and the presence or absence of prismatic cell) of 22 taxa (OTUs) has been constructed. This dendrogram shows the similarities or dissimilarities among the taxa being studied. Cluster analysis divided the taxa into three main groups, namely clusters A, B, and C (Figure 6 ).
Discussion
This is the first detailed report on achene morphology of the genus Cota distributed in Turkey. The macro-and micromorphological studies of Cota taxa show that achene size, color, surface patterns, and presence of crystals are useful taxonomic characters.
Achene size and color Coşkunçelebi et al. (2016) observed that the achene length varies from 3 to 30 mm and they reported that achene length is an extremely useful taxonomic character used with pubescence. Achene length and width are different among the examined taxa. The largest achenes are observed in C. fulvida (mean 1.26 mm in width and 2.73 mm in length) and the smallest ones in C. wiedemanniana (average 0.45 mm in width and 1.31 mm in length). Candan et al. (2016) stated that achene color could be used for taxonomical diagnosis in Turkish species of Centaurea L. sect. Acrolophus (Cass.) DC., as their achenes are quite differences. The Cota achenes show great variation in color. Achene color in most cases is brown, while in three species (C. dipsacea, C. wiedemanniana, and C. halophila) it is dark brown. Grayish-brown is only observed in C. oxylepis and reddish-brown in C. euxina. Besides brown or dark brown, purplish-brown is observed in C. virescens and C. triumfetti. Purplish is observed in C. melanoloma subsp. melanoloma, C. melanoloma subsp. trapezuntica, and C. antitaurica and black in C. halophila.
Achene surface, slime cells, and crystals Kadereit and Jeffrey (2007) reported that the form of the cells of the testa epidermis and the type of thickening of their walls provide taxonomically useful data in the tribe Anthemideae. The epidermis cell shapes are generally rectangular in most species investigated, in addition to rectangular, polygonal in C. tinctoria var. tinctoria, C. tinctoria var. pallida, C. tinctoria var. discoidea, C. euxina, C. triumfetti, C. antitaurica, C. coelopoda var. coelopoda, C. coelopoda var. bourgaei, C. austriaca, C. halophila, and C. pestalozzae, and also orbicular and polygonal types occur in C. wiedemanniana. Barthlott (1981) detected that the anticlinal and periclinal walls of the epidermis cell have high taxonomic value at interspecific levels in different families. Our findings are consistent with Barthlott (1981) only regarding the ornamentation of periclinal walls. No significant differences in anticlinal and periclinal wall structure were observed among the investigated Cota species. The anticlinal walls are conspicuous to inconspicuous, and straight, and the periclinal walls are conspicuous and flat to concave or only concave in all examined taxa. Kothari et al. (2012) reported that surface ornamentations are important for taxonomic delimitation for most of the taxa at the generic and specific levels. Köstekçi and Arabacı (2011) divided Cirsium sect. Cirsium of Turkey into 7 main types according to achene sculpture. Contrary to the periclinal walls structure, their surface is different among the studied taxa. The transversally and longitudinally striped and ruminate sculpture are the most common. Moreover, they are rugose in C. halophila and smooth in C. wiedemanniana. Kadereit and Jeffrey (2007) determined that the pericarp of achene has small myxogenic cells in the genus Cota. Our results confirmed the presence of slime cells in all examined Cota taxa. Some researchers found that the presence or absence of slime cells is significant for identifying Tripleurospermum species (Enayet Hossain, 1975; İnceer et al., 2012) . Moreover, the distribution of slime cells has diagnostic value in the tribe Anthemideae (Funk et al., 2009; Lo Presti et al., 2010) . Similar data were detected in some of the taxa of Artemisia and Neopallasina by Kreitschitz and Vallès (2007) and also in seven taxa of Achillea by Akçin and Akçin (2014) . Oberprieler (1998) stated that the epicarpic cells of Anthemis consist of calcium oxalate crystal sand, whereas in Cota achenes they either lack or contain single, octahedral, or prismatic crystals. Our findings are consistent with his results. In all investigated Cota taxa, only C. altissima and C. palaestina were filled with prismatic crystals in their epicarpic cells of pericarp. Mukherjee and Nordenstam (2010) reported that the distribution of calcium oxalate crystals and druses in the pericarp is particularly important for the tribes of Vernonieae, Astereae, Inuleae, Senecioneae, Anthemideae, and Cardueae. They divided their studied taxa into 5 groups based on distribution of calcium oxalate crystals in different region of achenes.
Crystals are found in different parts of the mesocarpic zone of pericarp in Anthemis tinctoria. They pointed out that as the crystals are distributed in the epicarpic zone of achenes, they are visible via SEM, but in the mesocarpic or other regions they are only observable from histological structure, such as A. tinctoria. Thus, anatomical studies regarding the presence or absence and distribution of crystals in other Cota taxa should be carried out in order to contribute to the systematics of the genus Cota.
Cluster analysis Cluster analysis indicated that the Cota specimens were divided into three main groups according to achene morphological characters. Cluster A includes three subgroups: A1, A2, and A3. Cluster A1 was divided into three subgroups, A1a, A1b, and A1c. A1a comprises C. tinctoria var. tinctoria, C. tinctoria var. discoidea, C. tinctoria var. pallida, C. triumfetti, C. austriaca, and C. antitaurica. In this subgroup, C. tinctoria var. tinctoria, C. tinctoria var. discoidea, and C. tinctoria var. pallida are closely related with >90%. Cluster A1b includes only C. pestalozzae. Cluster A1c consists of C. euxina. Cluster A2 was divided into two subgroups, A2a and A2b. Cluster A2a includes C. virescens, C. melanoloma subsp. melanoloma, C. melanoloma subsp. trapezuntica, C. hamzaoglui, C. fulvida, and C. oxylepis. The percentage of similarity between C. melanoloma subsp. melanoloma, and C. melanoloma subsp. trapezuntica is >92%. Cota hamzaoglui and the closely related species C. fulvida are quite (>92%) similar. Cluster A2b consists of C. coelopoda var. coelopoda, C. coelopoda var. bourgaei, C. coelopoda var. longiloba, C. dipsacea, and C. wiedemanniana. Cluster B comprises C. altissima and C. palaestina. C. altissima and C. palaestina are more similar (>84%). Finally, Cluster C includes only C. halophila ( Figure 6 ). These results support the separation of the taxa on morphological characters.
In conclusion, there was a correlation between the findings and the classification of the taxa in this genus. Our results from the achene morphology of 22 taxa belonging to the genus Cota, achene color, achene length and width, ornamentation, shape of epidermis cell, and also the presence of prismatic crystals proved to be important morphological characters for the systematics of the taxa at the interspecific level.
